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Lightweight components for transportation and aerospace applications are designed 
for an estimated lifecycle, taking expected mechanical and environmental loads into account. 
The main reason for catastrophic failure of components within the expected lifecycle are 
material inhomogeneities, like pores and inclusions as origin for fatigue cracks, that have not 
been detected by NDE. However, material degradation by designed or unexpected loading 
conditions or environmental impacts can accelerate the crack initiation or growth. 
Conventional NDE methods are usually able to detect cracks that are formed at the end of the 
degradation process, but methods for early detection of fatigue, creep, and corrosions are still 
a matter of research. For conventional materials ultrasonic, electromagnetic, or 
thermographic methods have been demonstrated as promising. Other approaches are focused 
to surface damage by using optical methods or characterization of the residual surface 
stresses that can significantly affect the creation of fatigue cracks.  
 
For conventional metallic materials, material models for nucleation and propagation 
of damage have been successfully applied for several years. Material microstructure/property 
relations are well established and the effect of loading conditions on the component life can 
be simulated. For advanced materials, for example carbon matrix composites or ceramic 
matrix composites, the processes of nucleation and propagation of damage is still not fully 
understood. For these materials NDE methods can not only be used for the periodic 
inspections, but can significantly contribute to the material scientific knowledge to 
understand and model the behavior of composite materials. Porosity is known as one of the 
parameters that might affect the fatigue life of these materials. Computer tomography as well 
as infrared thermography or acoustic scattering have potential to measure parameters that can 
predict fatigue damage in these materials. The presentation will give an overview of methods 
for a nondestructive characterization of materials degradation and will suggest possible 
directions of research for the characterization of advanced materials. 
